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Program Qverview
-A-G Range & Fllght Demo (18 & 30

« Hybrid Link & Netwnrkmg
v 2 Gbps Average Data Rate
v 95% Availability All weather
« Modulating Retro Reflector (MRR)
v 45 Mbps clear air
« Maturation of Transition Enabling
Technologies

. ORCLE is a NEW way of networkmg w ch
exploits channel diversity to ach'\.’:lglx

availability and high average da e ™
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ORCLE Program Metrics

Phase Event Metrc Criteria
Phase 1 | Range Demo RANGE DEMO of HYBRID FSO/RF Link
[Mihite Sands hlountain top to Mountain top as surrogate Airto-Air (=50 km separation)
hfiszile range, flountain Top to Ground as surrogate Airto-Ground Link (~12 km separation)
Gowermment
sl heazure GTT
LCA =25%
MOR *20 Ghps
MRER MDE =Shbps at 12 km
Fointing, Acquisition, & Tracking operational, Model pedfomance for conditions in Korea during July for
3 10 node hybid nebwok ower 3 400 km TOTAL RANGE with 2 ground nodes
Fgght D?I'IEEI FLIGHT DEMO — Ground-to-Airto-Air of HYBRID FSOYRF Link
i ange ' heasure GTT
F'l!lgsrtlt Gowermment LCA =05 %
e Fumizhed] MDR 20 Gbps
FLIGHT DEMO — Mabile Ground-to-Air
fModel pedfomance for conditions in Korea during Juby for 3 20 node hybrid netwods over 3 4000 km
TOTAL BANGE with 2 ground nodes
MER MDE =3Mbps at20 km
Juby 11 2007 ]
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| GPSING

Mode Contraller [Local)
tsster Canlral
Compule poirking andgk
Compute mode saparaion
St THIRHE A

E 9

,/’Z.._...

RF Link
(Link 16)

Mode Controller (Distant)
Master Control

Compute pointing angle
Compute node separation
Set THRA Al
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Optical Terminal Types

Bronze

Top Level Optical Terminal Requirements

Field of View 2 6.5 mr -
Silver

Tx Beam Divergence 200780 ur

Recene Aperture 10 cm

Optical Loss-

Space to Fiber 3dB

TRy Oplical Isolation 2 80 diB

Operating Wavelangths 1545, 1564 nm

Wavafront Comection 2 Wavelengths & 50 Hz

July 14 2007
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W ‘-‘3_ Tactical Common Data Link Hardware 77
OacLE

« ORCLE is RF agnostic

« TCDL-N (Navy) converted to Annex B

« KuBand

« Rates Utilized: 10.71Mb/s possibly 45Mb/s

* Interfaced to router via 10/100 Ethernet

IIIRI:LE Base]me

STE

Airborne Terminal Surface
Eq uipment . Terminal

Equipment

B

communications
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PA) Phase | Ground Link and Network Test--October 2005

White Sands Missile Range
Requirements: Simulate Air-Air &
Air-Ground
A
|“ 1\ . Prototype and install hybrid RF/FSO link on
\ N | +Targod two mountain tops and one ground station.
s = Test Period two weeks (-16 months after
rn contract award)
17N : ﬂfﬂ”‘“ Oscu "+ A-A Two mountain top sites (North Oscura
Dy Peak & Salinas Peak)
Vo Convipie, MM = Separation distance of ~52 km
A «+ A-z Mountain top to valley floor ground
A node
_ o >_ = Separation distance of ~12 km
e b N - Active and MRR
5 An
|
: Salinas Peak
i ' ¥ Satimas Peak (3,000 &)
j!;"'wrcg 4 B I L e i oty S
"o N S i bkt it
Tprie o
Valley Fioor /\-\fx
L Tib |2ﬂ'tl'|' Iall-l'l't |~HJ'M iﬂl‘ﬂr
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White Sands October 2005

An Eternity into 2 weeks




a WSMR Test Data: 6 GB File Transfer |m\“w

- WSMR 1: Oct 2005, NOP to Millers Watch (12 km)
Link Metrics Data Generated by Terry Gibbons @@ MIT/LL
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November 2005 Test A

Lockheed Martin Akron 1.6 km Range

Link Metrics Data and Video Generated by Terry Gibbons @ MIT/LL
]
==
,;ff = 2.0 Mbps sustainable data rate
= = ——. ORCLE Test Summary
/‘/ A LM Range Akron Ohio

' i e o T s 5 0HES

Elp'l-:-al F:F-Elp‘ln:-al&.-.rblln:-wr

|.n.1ll ’-ZIL-\.L.

WLLL- i L

1300 FrA INIFA P 1300 A4

11 Q200 {

£ 000 SA0EM & (0ERS LB b0

A et iy O o
. " - A -\.-ul EER il B0l B lesls .
s N N B

AP SLU-k HEINN . BLU -k “di AR

20 Hours of test time [ a4
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July 14 2007

ORCLE Phase 2

Awarded March 2006

Utilize hardware from Phase 1
— Additional hardware as required

Repair Damage from WSMR
Incorporate upgradesi/Lessons learned
Added 2 WSMR Tests

Flight Test Originally Planned Nov 2007
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+ Develop physical hardware and protocol software to demonsirate a hybrid
free space opticaliradio freguency mobile airborne communications
natwork congisting of active and passive terminals

Wide body -

——— * ISE Platform

= 2 Optical Terminals
= 2 RF Terminals: 95" antenna; 20watt RF
= Routing and Storage System

= 40 Seconds of Storage @25 Ghps

= Optical Ter minz
= RF Terminzal: 95'artenna; 70 watt RFE
= 40 Seconds of Storage @25 Ghps
= High Definition T Camers

= Combined Aperture Ter rinzal
= Imtermet Connectivity

= 40 Seconds of Storage @25 Ghps
= Link Performance Andysis System
= Monitoring Station

Internet-Compatible
Ground Station

July 11 2007
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S w6 60 hos e a2 D

Out of Sequence packets = 0; Dropped packets =0
2.4 Gbhps sustainable data rate

] — — SG 4: Optical Only, Ho Storage
| - v ‘*\ Space Shuttle Launch Video

L 2" &

T R P ] E 44 Gb
T T.1 Celfiow) |
2 i
b B S blackade
“ . co—

L %G 3: Optical Only, With Storage
g o s . Matrix “Lobby Segment”

A

‘:,.F'. T Sac blockage

- - : ‘”‘lf

HHE "_’_,,-"f"
- - S0 2: Optical/RF Switchowver
I i r’? Predator

Ll ""fpr

e 8 "‘"-"'f

[
Juhy 11 A0y “*"  Link Metrics Data and Video Generated by Terry Gibbhons@l MIT/Lhs

IeEerauvad foar PFiblic Relegse h<ribndicn Lidimmited ORRP O Cgesa 9736



ER-2 Aircraft Installation

Q-BAY
ELEI:IT_S_UEE.E!’?DQ 64 5/ (1.83m7) ﬂ.a-:lt{l?;&m’l
B86.01° [2.43m7) 1000ibs (454 kg)™ TOOIbs (317 kg)™
mn&t'gl::& 33*! kg) - 100A @ 115VACS00H S0A @ 115VACKHOOH
L gk rlﬂmc 1404 @ 28VDC TOA @ 28VDC
e R
e — /
- _ ~) LEFT SUPERPOD
: y 85.0M (2. 43m")
._ _ = 850Ibs (294 kg)
'. { L : : e S0A @ 116VACKHO0HE
{; L N ) - S0A @ 28VDC
CENTERLINE POD
14,00 (0.40m?)
3501bs (163 kg)
Etectrical Shared with
Q-Bay oF
A

July 11 2007
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ER-2 - Physical Components ﬁfv

Network Terminal Control
- -
-
TCDL RF.
ag . | Dk IF Assy - Lasex
Nework EDFL
17 R STOR&GE } Equiprent _"
oibrer Dirrers Cdil
Foxtal
DU Sikver Power
» ol Supples
| EoRECETVER )
. ;
EAO TEANSMIT TFE. .
tical
PR/ THTEELEAV/EE. N I?'I!;dem
APC TIPS
Sl FOWEE. SUFELY TR
—
. AT TERE
Total rack R.U= sw=ilable =31 Total rack R.U.z avalzble = 31
Total rack R.Us=sused =30 Total rack R.U.sused =31
Total rack weight estimate= 770 1bs Total rack weight estimate=s 605 |bs
Total rack power nesed== 9.4 KW Total rack power needs =6.5 Ky
Rack Unit

Height 5 = inches
Deptf: 29 inches
Widtfe: 19 inches

July 11 2007 17
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& i—'?,_ Air Node 2: Rolling Aircraft Selection Z
| NASA B 757

s

C-135 ACAT C-135 Big Crow

July 11 2007 13
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Optical Windows %’

« Surmet on USAF contract to manufacture windows
e Circular flats and associated bezel mounts
« Requirements determined by Aircraft typeflocation

 Design finalized once an aircraft selected
— Thickness & Bezel mounted TBD

July 11 2007 19
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(sold Portal (2 units) RF Ponrtal (2 Units)

Gimbal: None - PRA Gimbal

FOR: +/-55degrees FOR: 2pi
Telescope: 10cm Beamwidth: 8 deg
Weight: ~90lbs Gain 15 db

Power: 120V 60Hz

20
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Air Node 2 System Racks ﬁ’

Gold Silver Network
-~
TCDL RF. TCDL RE
Link I'F &ssy —Lasex Link IF Assy = Lasex
CE EDFL Gear Netwoxk
1% R 17,
2 EDFL | < - STORAGE 7~ Equipment
BRI L daptrve
- ; Grald
Dptics control Sihver
Gold Portal e Cear " Portal ROUTER
Equipraent e
VHIE Chassi B0 EECETWEE.
* = - ST S | EO TEAHMTT TRE. Optical
_ Modem
n PR T FE/ THTEELF#EE.
BRI pEC TRE 13 RU FOWEE. STFFLY
R B TR
Total rack R.U.s avalzble s 31 Total rack R.U.=s avalable = 31 Total rack R.Us=s av=ilable =31
Total rack R.U.s used =31 Taotal rack R.U.sused =31 Total rack R.U= usad =0
Total rack weight estimate= 605 b= Total rack weight estirnate= 603 1bs Tatal rack weight esti mate= 77p Ibs
Vet reietis[pattielr ugzels = LY VSl Fels BREr HEeas D Ll Total rack power neseds = 9.4 Hw
Rack Unit . F
Height 54 4 inches Note: 4 Rack cnn.talns
Depth: 29 inchas second modem kit —
Widitx: 19 inches and test equipment.
July 11 2007 21
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Ground Test Van (USAF) 4

Jdulby 11 2007



Ground Node - Physical Components —ﬁ7

Network Bronze Portal Control
1 -
-
TCDL RF.
ag . | Dk IF Assy - Lasex
rear
Nework EDFL
17 RIT STOR&GE } Equeprvent -
Bronze Dimrers Bromze
Foxtal
ROUTER " Gear
- .
. -, L& PS5 Dirres
FA0 ER:ETVEE,
. _
EAO TEANSMIT TFE. .
tical
g 1?1!;.13
PR/ THIFELEAWEE. m LD TIPS
Sl FOWEE. SUFELY TR
—
. AT TERE
Total rack R.U= sw=ilable =31 Total rack R.U.s avalable = 31
Total rack R.Us=sused =30 Total rack R.sused =31
Total rack weight estimate= 770 Ibs Tatal rack weight estimate= 605 |bs
Total rack power nesed== 9.4 KW Total rack power needs =6.5 Ky
July 11 2007 23
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Program Halted for Restructure

‘New Program: ORCA

‘New Customer

‘New Platform(s)

*TRL6 Hardware @ completion

« Stop Work Order Issued 3/9/2007
« Submitted close-out proposal 5/18/2007
« Close-out efforts in-process
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